The discovery of swelling brittle mica, Na-Mica-4, has been one of the most 11 significant advances in the pursuit for a material with high ion-exchange capacity. For 12 technical applications, the control of the phase evolution during the synthesis is crucial. The 13 main aim of this study was to investigate the effect of Na-Mica-4 synthesis temperature on 14 the crystalline phase evolution, Si-Al distribution in the tetrahedral sheet, the Al occupancy 15 between tetrahedral and octahedral sites and their effects on the interlayer space composi-16 tion. The synthesis temperature range between 600 ºC and 900 ºC was explored. At low 17 temperature (600 ºC), the precursors were transformed in a low-charged swelling 2:1 phyl-18
have been prepared and have been the subject of considerable interest, particular-4 ly with respect to their catalytic and adsorption properties [1, 2, 3, 4] . The discovery of swell-5 ing brittle mica, Na-Mica-4, has been one of the most significant advances in the pursuit of 6 materials with high ion-exchange capacity (IEC). Unlike true mica, which is a non-7 expanding silicate with a negative layer charge of one, the Na-Mica-4 readily expands and 8 allows the exchange of interlayer sodium cation [5] . 9 In many cases, solid state synthesis procedures have been used to prepare these materials 10 and fluoride ions have been employed to aid mineralization [6, 7, 8] . Procedures for synthe-11 sizing fine Na-Mica-4 have been refined over a period of time and many starting materials 12 have been tested to achieve the same final product [2, 3, 9, 10, 11, 12] . Cost effectiveness is 13 one of the main driving forces behind all those attempts. 14 An important aspect to be considered is the sheet composition and the framework cation 15 ordering, as Si-Al distribution strongly affects the reactivity of layer silicates [13, 14] . In 16 this sense, the appropriate characterization techniques are the 29 Si and 27 Al MAS NMR 17 which are sensible to the local ordering and, therefore, to the Si-Al distribution in the tetra-18 hedral sheet and Al distribution in the framework [15, 16] . For some synthetic materials 19 produced at low temperatures, it has been established that the charge density is rather in-20 homogeneous, hence the intracrystalline reactivity is expected to be non-uniform [17, 18] . 21 Moreover, the various compositions and the presence of different phases or impurities may 22 limit the potential uses without pre-treatment [19] A single-step procedure described elsewhere [4] , similar to the NaCl-melt method [11] 8 was employed in the synthesis of Na-Mica-4. A stoichiometric powder mixture with the 9 molar composition 4SiO 2 : 2Al 2 O 3 : 6MgF 2 : 8NaCl was used. 10
The reactants mixtures were ground in an agate mortar, weighted, and subsequently 11 heated in a Pt crucible at the temperature range between 600 ºC and 900 ºC for 15 h. 12
After free cooling, the solids were washed in deionized water and dried at room tem-13 perature. The solids were weighted before and after washing. The weight changes relative 14 to the initial mass are expected to shed a light on the synthesis and degradation process of 15 the synthetic mica. 16 17
Sample characterization 18 19
Thermal Analysis (TG/DTA) experiments were carried out using a NETZSCH STA 409 20 PC/PG system, with alumina as the reference. The samples were placed in Pt crucibles and 21 maintained under air throughout the heating period. The temperature was increased at a 22 constant rate of 10 ºC·min Bruker DRX400 spectrometer equipped with a multinuclear probe, at the Instituto Ciencia 6 de los Materiales de Sevilla (CSIC-US). Powdered samples were packed in 4 mm zirconia 7 rotors and spun at 10 kHz. 29 Si MAS NMR spectra were acquired at a frequency of 79.49 8
MHz, using a pulse width of 2.7 μs (π/2 pulse length=7.1 μs) and a delay time of 3 s. the starting materials could be the responsible. At 750 ºC < T ≤ 800 ºC, the weight loss was 16 similar to the calculated value. However, at T > 800 ºC, the weight loss was higher and, 17 therefore, the simultaneous evaporation of other volatile products (e.g. H 2 , Cl 2 ...) could be 18 the responsible of this high weight loss [22] . 19 During the washing step following by filtering, two processes were involved, Eq. (2); 20 the dissolution and removal of NaCl, a calculated weight loss of ca. 21.5 % was expected, 21
and, the hydration of the mica, a calculated weight gain of 5.7 % was expected [2] . presence of other soluble phases on the reaction products at these temperatures. At 750 ºC < 7 T ≤ 800 ºC, the weight loss was almost due to the NaCl removal without evidence of the 8 sample hydration. However, at T > 800 ºC, the weight loss was found to be smaller than the 9 expected for NaCl removal, meaning that mica hydration is taking part of the total reaction. 10 [28] . The typical saw-tooth hk bands [29] and 060 re-21 flections of saponite [28] persisted up to 775 ºC. At 650 ºC, the reflections of anhydrous 22 high charged mica (PDF 00-25-842), with a 001 reflection at 9.30º 2θ, started to emerge. In 23 the range between 700 ºC and 850 ºC it became a minor contribution that accompanied to 1 the main one, the hydrated high-charged mica (Na-Mica-4, PDF 00-54-1025) [4] . The hy-2 drated mica showed a 001 reflection at 7.35º 2θ (d 001 = 12.25 Å), corresponding to interlayer 3 monovalent cations surrounded by a single water sheet. For T > 850 ºC, the silicate was 4 completely hydrated and the 001 reflection at 9.30º 2θ was no longer observed. 5
Up to 750 ºC, a large amounts of aluminium oxide fluoride is involved in the product of 6 synthesis. And up to 800 ºC, the XRD patterns exhibited small reflections due to two types 7 of impurities: silicates and fluorides (Fig. 2 , Table 1 ). The nature of theses impurities can 8 explain the evolution of the weight loss observed in the previous section. The presence of 9 solid phases containing fluorides (norbergite, aluminum oxide fluoride and neighborite) and 10 chlorosilicate (sodalite) in the reaction products could be the responsible of the low weight 11 loss observed by gravimetric measures at those temperatures in the calcination step (Fig.  12 1a) and after the washing step (Fig. 1b) . 13 Moreover, at T > 800 ºC, the presence of hydrated mica and the absence of the others 14 impurities were the responsible of the small weight loss observed by gravimetric measures 15 after the washing step (Fig. 1b) Si MAS NMR spectrum for the T=600 ºC showed three set of peaks: a narrow and 22 small peak at ca. -61.8 ppm, that can be attributed to Q 0 environments, an intense peak at 23 ca. -95 ppm with a small shoulder at higher frequency, coming from Q 3 Si environments, 1 and a very broad peak at ca. -100 ppm that correspond to Q 4 Si environments [30] . The 2 spectrum's deconvolution helps in the interpretation of this result (see Table 2 and Suppl. 3 1). Based on the XRD results, an assignation of the spectrum contributions were carried 4 out. The Q 0 site corresponded to the forsterite phase observed by XRD [31] . Moreover, Q
Si environment could be deconvoluted in two contributions at -95.3 ppm and -89.0 ppm 6 assigned to Q 3 (0Al) and Q 3 (1Al) with a chemical shift and relative intensity typical of sap-7 onite [32] . Finally, the Q 4 environment corresponded to an amorphous tectosilicate, non-8 visible by XRD that remained up to 650 ºC. This first assignation at 600 ºC was corroborat-9 ed by the 27 Al MAS NMR spectrum which exhibited aluminum signal in tetrahedral coor-10 dination (ca. 67 ppm) due to Al(OSi) 3 environment [33] and aluminum signal at ca. 0 ppm, 11 hexacoordinated aluminum, from the aluminum oxide fluoride detected by XRD [34] . 12
As the synthesis temperature increases, the evolution of the two sets of peaks is unalike. 13
On the one hand, the intensity of the Q 0 Si environment of forsterite diminished between 14 600 ºC and 650 ºC and at 700 ºC it was absent in concordance with XRD pattern where non 15 crystalline nesosilicates phases (forsterite or norbergite) were observed (Fig. 2, Suppl. 1) . 16 At T ≥ 750 ºC, the Q 0 Si environment was again observable and it remained up to 900 ºC 17 although the norbergite phase was no longer visible in the XRD pattern at T > 800 ºC. 18 On the other hand, the Q Table 2 for assignment). 27 Al MAS NMR 21 spectra supported this assignation, showing a narrow signal at 64.4 ppm [36] due to sodalite 22 phase overlapped with a broad signal at 67.1 ppm due to Al(OSi) 3 environment of layeredsilicates [33] . Sodalite environment remained up to 800 ºC, which was also evident in the 1 27 Al MAS NMR spectra. 2
Between 700 ºC and 900 ºC, Q 3 (3Al) signal was progressively more intense and it shift-3 ed to higher frequency as a consequence of an aluminum enrichment of the mica tetrahedral 4 sheet [15] . It was also corroborated by the increasing of the Al IV /Al VI ratio in the 27 Al MAS 5 NMR spectra. The intense Al VI signal in the spectra up to 750 ºC could be explained as due 6 to the aluminum oxide fluoride phase detected by XRD. The remaining broad and small 7 signal at ca. 0 ppm in the temperature range between 800 ºC and 900 ºC belonged to the 8 octahedral aluminum in the mica phase [4] . At T ≥ 775 ºC, a fifth peak at ca. -75 ppm was 9 observed in the 29 Si MAS NMR spectra which was interpreted by Alba et al. [4] as due to 10
Lowentein's law violation in high-charged mica but also this resonance could be due to Q 2 
11
Si(2Al) present at the layer edges of the micas [37] . 12 13
Interlayer space evolution 14 15

Thermal analysis (TG/DTA). 16 17
The weight loss measured by TG/DTA between room temperature and 250 ºC is a good 18 estimation for the interlayer water present in layered silicates [38] . Table 3 shows the mass 19 loss and the dehydration temperature as a function of the calcination temperature. 20
At 600 ºC, two endothermic peaks at 32.6 ºC and 61.9 ºC were observed and they are 21 due to surface water evaporation and low bonding interlayer water; the weight loss was 22 very small in comparison with those observed by hydrated Na-Mica-4 [2] .
For higher temperature, only a dehydration temperature was observed between 69.4 ºC 1 and 81.7 ºC which involved a greater weight loss, between 3.0 % and 6.9 %. The dehydra-2 tion temperature and weight loss increased with the temperature calcination as consequence 3 of: (i) a higher amount of high-charged swelling mica [22] , as seen by XRD, and, (ii) a pro-4 gressively increasing in the total layer charge of mica, as seen by 29 Si MAS NMR [5] . The 5 second factor was already reported by Mackenzie [39] who observed that the influence of 6 the layered surface on hydration predominates for lager divalent and monovalent cations in 7 the interlayer space of montmorillonites. 8
A maximum weight loss of 6.9 % was observed at 900 ºC, as previously observed in 9 fully hydrated Na-Mica-4 [4] . 10 Na MAS NMR spectrum of the sample synthetized at 600 ºC, Fig. 4, showed a  14 broad asymmetric band between 20 and -60 ppm and a small peak at 37.2 ppm assigned to 15 non-exchangeable sodium [40] . The broad band was deconvoluted in four peaks (Table 4 ) 16 centred at 3.7 ppm (3.6 %) due to sodalite [35] , and at -10.1 ppm, -21.1 ppm and -33.2 ppm 17 due to fully hydrated, poorly hydrated and dehydrated exchangeable sodium, respectively 18 [40, 41] . In this sample, the non-exchangeable sodium accounted a 6.4 % of the total inter-19 layer sodium in the 2:1 phyllosilicate. 20
The line shape of the spectra with temperature was similar to the above; the line width 21 and intensity of the peaks were the only changes. The peak at ca. 4 ppm, sodalite, increased 22 progressively up to 775 ºC and after it diminished drastically. In fact, this phase was not 1 detected in the XRD patterns after 800 ºC or in the 29 Si MAS-NMR spectra. 2
Regarding to the interlayer sodium, two facts were remarkable: (i) the peak at ca. 37 3 ppm, non-exchangeable sodium, increased up to 775 ºC and after it diminished up to be 4 negligible at 900 ºC (0.5 %), and, (ii) the band that includes all type of exchangeable sodi-5 um narrowed as temperature increased. The Table 3 summarizes the evolution of the hydra-6 tion of exchangeable sodium. The amount of fully hydrated sodium increased with tem-7 perature, in good agreement with the weight loss evolution observed by TG/DTA. The 8 sample synthesized at 775 ºC was the only exception but the weight loss at this temperature 9 didn´t increase respect to the 700 ºC (Table 3) . 10
Signal from the other Na-containing phase, NaMgF 3 , observed by XRD, were no detect-11 ed in the 23 Na spectra [22] . 12 13 At low temperature (600 ºC), the precursors were transformed in a low-charged swelling 18 2:1 phyllosilicate, saponite type, which was progressively aluminum enriched with temper-19 ature. The high-charged swelling mica was completely formed at 700 ºC, although a minor 20 anhydrous contribution remains up to 850 ºC. Up to 800 ºC, silicates and fluorides second-21 ary phases were present as a minor contribution, 22
Conclusions
As the high-charged mica was enriched in tetrahedral aluminum, higher layer charge, the 1 hydration of interlayer cation increased and the non-exchangeable interlayer sodium de-2 creased. 
